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ELECTRONIC DEVICE AND METHOD FOR MANUFACTURING THE- 
SAME 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an electronic device 
whose electrodes and wiring are constructed by aluminum or a 
material containing aluminum as the principal component. It 
also relates to a method for manufacturing the same. 

2. Description of the Related Art 

Recently, active-matrix liquid crystal devices equipped 
with large-area image planes are attracting much attention. 
Such active-matrix liquid crystal devices not only require 
image planes having larger area, but also demand for finer 
patterning . 

The use of a material having low electric resistance for 
th e wiring material is necessary to fulfill the demand above, 
because the delay of signal propagating on wiring becomes a 
problem in a device with a size of 10 x 10 inch* or larger. 

Concerning a wiring material having low electric resis- 
tance, aluminum is the most desirable one. However, aluminum 
brings about the- problem of heat resistance on its use in the 
manufacturing method (refer to a review paper in Display and 
imaging, 4 (1996), pp. 199-206; published by Science Cormuni- 
cations International). 

More specifically, in the steps such as the formation of 
various types of thin films by deposition and the annealing of 
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the resulting films, or in the irradiation of laser ligh^ and 
the implantation of impurity ions, aluminum undergoes 
problematic abnormal growth so as to form protrusions called 
hillock or whisker. These hillock and whisker are believed to 
be attributable to the poor heat resistance of aluminum. 

Those protrusions known as hillock or whisker sometimes 
grow as long as 1 ^m or even longer. This phenomenon leads to 
the occurrence of short circuit between wirings. 

The problem above can be prevented from occurring by 
forming an anodic oxide film on the surface of the aluminum 
wiring (see the reference above). 

According to the study of the present inventors, it is 
found that the anodic oxide film (assumably containing Al 2 0 3 as 
the principal component) is robust and is effective for 
preventing hillock or whisker from generating. On the other 
hand, however, such a robust material makes it difficult to 
form contact holes on the aluminum wiring. 

S^m^V OP THE INVENTION 

in the light of the aforementioned circumstances, an 
object of the present invention is to overcome the problem of 
heat resistance of an aluminum wiring, and to provide a tech- 
nique which solves the difficulty in forming contact holes on 
the aluminum wiring having an anodic oxide film formed there- 



on . 
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sordino to one cc.tlt.tion of the present inven^on 
there is proved an electronic device charactered in that 
raises a film Pattern made o £ aluminum or a materral 

herein the film — - — or a materral c- 
al uminum as the principai component contains o* Y ,en atom 

^r- ipqq carbon atoms at. a 
.-•^ 8 xlOis atoms -cm- * or less, wlu 
roncentration or a xxu 

t on of 5 ,10" atoms.cn-> or less, and nitro,en atoms 
concentration of s xiu 

of 7 xl0i7 atoms -cm- 3 or less, 
at a concentration of / xiu 

By emplovin, the constitution afove, the ma X imnm - 
the derated protrusions - - — and whisKer can „e 
suppressed to 500 k or less. 

R ccordin g to another constitution of the prese 
■ there is provided a method for manufacture 

111 device comprise a film pattern made of aluminum 
Ta material contain!, aluminum as the principal compo 

. *4i m made of aluminum or a material 
hereof, w.ereln « - ^ 

contains aluminum - ^ ^ ^ or _ carbon 

atoms at a concentration of 8 

*.^n nf 5 xlO» atoms -cm-* or less, 
afnm „ at a concentration of ^ x±u 

atoms at a atoms -cm-* or 

ni tro g en atoms at a concentrate of 

le ss ; and the film pattern is suited to a process 

^^ a vnr^ is 400°C or lower. 
^Z^l -ess temperature to ,00. or 1^ 
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the concentration of oxygen, carbon, and nitron atoms^o a 

desired low level. 

nFTrr nF THR " m "" i - 

Fi gs. 1A to 1C are diagram snowing the steps of manufac- 
turing a thin film transistor; 

F igs. 2A to 2C are diagrams showing the steps of manufac- 
turing a thin film transistor; 

F i,s. 3A and 3B are diagrams showing the steps of manufac- 
turing a thin film transistor; " 

Fig s. 4A to 4C are diagrams showing the steps of manufac- 
turing another thin film transistor; 

Fi gs. 5 & to 5C are diagrams showing the steps of manufac- 
turing another thin film transistor; 

Pi gs. 6* to 6D are diagrams showing the steps of manufac- 
turing a still other thin film transistor; 

Flgs . ,* and 7B are diagrams showing the steps of manufac- 
turing a still other thin film transistor; 

Fig . . is a schematic of a film deposition apparatus; and 
Fi gs. 9A to 9E schematically show devices utilising liquid 

crystal panels. 

^^.m or Tim rr--TT°f" ™»™tmemt 
Referring to *ig. IB. an embodiment of the present inven- 
ti on comprises forming a silicon nitride film 10T on the upper 
plane o£ a patterned aluminum film 106 containing ^ 

om< , 5 xlOi 8 atoms • emit or iess 
atoms-cm-3 or less of oxygen atoms, 5 xio 

" s and 7 xl0 i7 atoms- cm- or less of nitrogen 
of carbon atoms, and / xiu 



- 4 - 



atoms , and also forming anodic oxide fi- ^ 

and !09 on the side planes of the patterned aluminum film 106. 

By utilizing the constitution above, the formation of 
protrusions such as hilloc* and whisKer can be suppressed, and 
contacts can be formed more easily. 

The present invention is described in detail referring to 
the preferred embodiments according to the present invention. 
It should be understood, however, that the present invention 
is „ot to be construed as being limited to the examples ^elow. 

V. V AMPLE 1, 

F igs. 1* to 1C schematically show the fabrication process 
.cross section, of the present example. The present example 
refers to a fabrication process of a thin film transistor 
prided to the pixel matrix portion of an active matrix-type 
Ucuid crystal display generally Known as "pixel transrs- 



tor") . 



• ,o Fia 1A a base film (not shown) is formed on 
Referring to Fig. ia, 
th e surface of a glass substrate 101. As the base frlm (not 
shown, for use in the present example, a 3,000-,-thic* silicon 
oxide film is formed by sputtering. 

Th e base film functions to relax the- influence of the 
impurities diffused from the class substrate and of the minute 
irregularities on the surface of the glass substrate 
enough a glass substrate is used in this example, a ouartz 
substrate can be used in the place thereof. 
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After forming the base film on the glass substrate WJ, a 
500-A-thick amorphous silicon film (not shown), which is the 
starting film for a semiconductor film that constitutes the 
active layer 102 of the thin film transistor, is formed by 

means of plasma C\£D. 

The resulting amorphous silicon film is subjected to laser 
irradiation to obtain a crystalline silicon film (not shown). 
The crystalline silicon film is patterned to form an active 

layer pattern 102- 

Then, a 1,000-A-thick silicon oxide film 103 which func- 
tions as a gate insulating film is formed by means of plasma 



CVD. 




Once the silicV oxide film 103 is obtained, an aluminum 
'^film 104 is formed \a thickness of 4,000 k by sputtering. 
Thus is obtained a stat\s is shown in Fig. 1A. 

in the present example, scandium is added into the 
aluminum film at a concentration of 0.18% by weight. 

The addition of scandium suppresses the generation of 
hillock and whisker in the later steps. Scandium is effective 
for the preventing hillock and whisker from generating, be- 
cause it suppresses abnormal growth of aluminum. 

Then, a patterned aluminum denoted by a reference numeral 
106 is obtained by patterning a layered film of aluminum film 

104 and silicon nitt^^A-J^. A siliC ° n nitrid * **** 
denoted b^'f^erence" numeral 107 remains on the gate 
electrode 106. That is, the patterned aluminum 106 becomes 
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the gate electrode. A gate line is extended from the_gate 
electrode 106. 

in the pixel matrix portion, the gate lines extended from 
the gate electrodes 106 are arranged in a lattice together 
with source lines to form a matrix. 

Anodic oxidation using the gate electrode 106 as the anode 
is performed thereafter to form anodic oxide' films 108 and 109 
on the thus exposed side plafies of the aluminum film. The 
anodic oxide film are each provided at a thickness of 5OT A. 

in the anodic oxide step above, an ethylene glycol solu- 
tion containing 3% of tartaric acid, which is neutralized by 
ammonia water, is used as the electrolytic solution. Thus, an 
anodic oxide film can be formed by applying electric current 
to platinum as a cathode and the aluminum film as an anode 
placed in the electrolytic solution. 

The anodic oxide f ilm _10^\th^>btained is dense and 
7o^7 "The" f Tlm^ickness of thl film obtained in the anodic 
oxidation step can be controlled by adjusting the applied 

voltage- \ 

in the step above, an anodic oxide film is not formed on 
the upper plane of the gate electrode 106, because the electro- 
lytic solution is brought into contact with only the side 
planes of the gate electrode 106. Thus is obtained a struc- 
ture as is shown in Fig. IB. 

A source region 110, a channel region 111, and a drain 
region 112 are formed thereafter by introducing phosphorus (P) 



by doping. Plasma doping is used in the present examples a 
means of doping * structure shown in Fig. 1C is thus ob- 

""Topin, of , is Performed in this case to fabricate an - 
channel type thin fix. transistor. However, doping of boron 
(B) must be carried out to fabricate a P-channel type th.n 

film transistor. 

Th e doping step produces such a condition as heatrng of 
tne sample or inevitable heating of the sample. Howeve*, fro* 
the viewpoint of the heat resistance of aluminum, it is impor- 
tant to maintain the sampie at a temperature of 40CC or 
10 „er. care should be taKen if the heating temperature ex- 
ceeds 400-C. because the generation of hillocx ( or whisxer; 
tnese are not clearly distinguished from each other, becomes 

apparent . u 

up0 » completion of the doping step, laser light „ «- 
r adiated to the resulting structure to activate the dopant and 
the doped region simultaneously. 

A 2 ,000- & -thic k silicon nitride film 113 is formed^ there- 
of nlasma CVD to provide a first interlayer 
after by means of plasma cvu v 

insulating film (Fig. 2A) . 

A polyimide film 114 is formed thereafter by means of sprn 
coating to provide a second interlayer insulating film. A 
planar surface can be obtained by using polyimide for 
interlayer insulating film. 
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contact holes 115 and 1X6 for the source and drain regions 
are formed thereafter. Thus is obtained a structure as is 

shown in Fig. 2A. 

Then, a layered film consisting of titanium film, aluminum 
film, and titanium film in this order is formed by sputtering, 
a „d is patterned to obtain a source electrode 117 and a drain 
electrode 118. Thus is obtained a structure as is shown in 
Fig. 2B. 

A third interlayer insulating film 115 is formed b* using 
polyimide. xf-r forming a contact hole to the drain 
electrode 118 thereafter, an ITO pixel electrode 120 is 
formed. The resulting structure is shown in Fig. 2C. 

Thus, a complete thin film transistor is implemented by 
performing heat treatment under gaseous hydrogen to compensate 
for the defects that are present inside the active layer. 

rev AMPLE 2 

The present example refers to a process to be carried out 
Simultaneously with the fabrication process described in 
sample 1; more specifically, it relates to a process for 
manufacturing a thin film transistor to be e^ipped in a 
peripheral drive circuit that is formed in the periphery of 
the pixel matrix portion. The present example again describes 

. process for manufacturing an --channel type thin film tran- 

sistor . 

The steps in manufacturing the thin film transistor accor- 
ding to the present example are the same as those described in 
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Example 1 with reference to ri,.. - - 1C (as a matte* o 
course, there are see differences concerning the wiring 
pattern and the size of the active layer pattern,. 

Fir st, a structure with reference to Pig. 1C is obtained 
by blowing the steps described in Example 1. Then, refer- 
ring to Fig. 3X. a silicon nitride film 113 is formed as a 

first interlayer insulating film. 

ii a is formed as a second interlayer 
A polyimide layer 114 is tormea 

-fti im and 303 are -formed 
insulating film. Contact holes 301, 302, and 

thereafter. 

, 10 6 the contact hole 302 can be formed easily thereon. 

the constitution according to the present example. 

using dry etching. Thus is obtained a structure as is shown 

*Ln Fig • 3A« 

A three-layered film consisting of titanium film, aluminum 
film, and titanium film is formed by sputtering. source 
tetrode 304, a gate lead electrode 305, and a drain 
electrode 306 are formed by patterning the resulting three- 

v-irr 3B is obtained in 
layered film. The structure shown in Fig. 

this manner. 

Th en. a hydrogenation step similar to that described 
Example 1 is performed to complete a thin film transistor. 
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steps for manufacturing an H-channel type thin film^an- 
sistor are described in the description above. In general, an 
H -cha»nel t y pe thin film transistor and a P-channel t y pe thru 
film transistor disposed in a complementary arrangement are 
used for a peripheral drive circuit. 

V.Y AMPLE 3 

1fl , efprs t o a process for manufacturing 
The present example refers to a pi. 

a thin film transistor comprising a low concentration impurrty 
region interposed between a channel region and a drain *egion 

manufacturing a thin film transistor according to the present 
example. First, a base film (not shown, is formed on the 
surface of a glass substrate 4 01. T he, an amorphous silicon 
£ilB is formed, and is crystallized by irradiating a las 
radiation. Thus is obtained a crystalline silicon f ilm. T h 
resulting crystalline silicon fil* is P-erned to form 
active layer 402 for the thin film transistor. 

Then , a silicon oxide mm 403 which functrons as a gate 
insulating film is formed, and an aluminum fU« 404 is formed 
thereafter. 

■vr.iHP film 405 is formed on the aluminum film. 
A silicon nitride rum 

Thus is obtained a structure shown in Fig. 4A. 

An aluminum pattern 406 is obtained by applying patterning 
to the structure with reference to 4*. - resulting 

is the base pattern of the gate electrode 
aluminum pattern is the base p 

* ™*ri later A remaining silicon nitride 
that is to be formed later. 
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pattern is also shown by a reference numeral 407. Thus is 
obtained a structure as is shown in Fig. 4B. 

A „odic oxidation is performed thereafter to form anodrc 
oxide films 409 and 410 by using the aluminum pattern 406 as 

the anode . 

in the present example, an aqueous 3% oxalic acid solutron 
is used as the electrolytic solution. The anodic oxide film 

4 _^ r _ c The arowth length £an be 
length of several micrometers. The gro 

controlled by adjusting the duration of anodic oxidation 
Thus is obtained a structure as is shown in Fi,. 4C, in whrch 
the pattern 408 becomes the gate electrode. 

Then, anodic oxidation is performed again. In this case, 
- anodic oxidation is performed under the same conditions as 

" those employed in forming dense anodic oxide films in Example 

| l Thus are obtained dense anodic oxide films 41! and 412 as 

O shown in Fig. 5A. 

i 

thinness of S00 K. The -nse anodic oxide films are_ formed 
selectively on the side planes of the gate electrode 408 
because a silicon nitride film 407 is formed previously on the 
U pper plane of the gate electrode 408. Furthermore, because 
the electrolytic solution permeates the porous anodic ox.de 

formed as shown in Fig. 5A. 



m 
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Phosphorus (P, atoms are implanted thereafter by employ, 
piasma doping in the present example. Thus are formed a 
source region 413, an I-type region 414, and a drain regron 
415 i„ a self -aligned manner as is shown in Fig. 5B. 

Then, the porous anodic oxide films 409 and 410 are 
removed selectively. Referring to Fig. SC, a part of the 
silicon nitride film 407 on the upper portion of the anodic 
oxide films 409 and 410 is removed together with the anodrc 
oxide films- 

subsequently, doping of P atoms is performed again. In 
the present step, the doping is carried out at a dose lower 
than that employed in the previous doping step. In the 
present step, low concentration impurity regions 416 and 418 
are formed in a self-aligned manner, and a channel forming 
region 417 is also formed in a self -aligned manner. 

The low concentration impurity regions 416 and 418 contain 
phosphorus «P, at a concentration lower than that for the 
source region 413 or the drain region 415. 

In general, the low concentration impurity region 418 on 
the drain region side is called as "LDD (lightly doped dram, 
region" . 

once a structure as shown in Fig. 5C is obtained, laser 
lightTs irradiated to thereby anneal the region subjected to 

^"xl'the constitution described in the present -ample, the 
r^ane of the gate electrode (and the gate line extending 
rrefro:r iS covered by a silicon nitride film, and the side 
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* 



* ^ rovered by a dense anodic oxide film.^ By 

" hisker Z **L?TZ?£Z£ - laser 

ration trLer, I -«* « — - C °"T S " 
electrodes <or gate lines, can b e formed -re easily. 

FY AMPLE 4 

Ih e present example refers to a thin film transistor of a 
so-called bottom-gate type constitution, in which the gate 
electrode is provided between the active layer and the sub- 

strate." 

Flgs . 6, to 60 and Figs. 7 A and 7B show the steps for 
manufacturing a thin film transistor according to the present 
example. First, a 3,000-*-thicK alumina film 602 is forced 
on the surface of a glass substrate 601 by means of sput- 
tering. The resulting aluminum film constitutes the gate 
electrode in the later steps. 

once the aluminum film 602 is formed, a 500-A-thrc* 
silicon nitride film 603 is formed thereon by plasma OV,. 
Thus is obtained a structure shown in Fig. 6A. 

k ,ate electrode 604 is formed thereafter by patterning. 
Silicon nitride film 60 5 remains on the gate electrode 604. 
Th e structure shown in rig. 6B is obtained in this manner 

thicxness of 500 1 by effecting anodic oxidation using the 
gate electrode 604 as the anode. 
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Because silicon nitride film 605 still remains in^hrs 
step, anodic oxide films are formed on only the side planes of 
the gate electrode 604. Thus is obtained a structure as shown 

in Fig. 6C. 

R i.OOO-A-thic* silicon oxide film 60S which functions as 
. gate insulating film is formed thereafter by means of plasma 
CVD m order to form an active layer, a 500-A-thick amor- 
phous silicon film ,not shown, is formed by plasma CVD. A 
crystalline silicon film ,not shown) is obtained theater by 
irradiating a laser light to the amorphous silicon film. 

once the crystalline silicon film (not shown, is obtained, 
patterning is performed to form an active layer pattern com- 
prising regions 609, 610, and 611. 

Then a resist mask 612 is formed by performing exposure 
ft0 m the back side of the substrate 601 while using the gate 
electrode 604 as a mask (see Fig. 6D). 

in this state, plasma doping is performed to dope , atoms. 
Thus, a source region 60 9 , a drain region 611, and a channel 
r egion 610 are formed in a self-aligned manner in the present 
doping step. Thus is obtained a structure shown in rig. 60. 

upon completion of the doping step above, laser light is 
irradiated to the structure to activate the doped atoms and to 

anneal the doped regions. 

Then, a 2,000-A-t\ick silicon nitride film is formed by 
*> plasma OVO to provide \irst interlayer insulating film 612 
^ an d a polyimide film is \rmed thereafter to obtain a second 
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WerlayeAnsulating 613 " Th = *™ C ™° ^ 

is shown in EVig. 7A. 

M ter perforating contact holes, a source electrode 614 
end a drain electrode 615 are forced. Hydration is per- 
formed finally to complete the transistor. 

Mthough not shown, another contact to the gate electrode 
604 is formed by perforating a contact hole on the upper 
portion of wiring extended from the gate electrode 604 in a 
separate portion. Thus is obtained a structure shown i» Fig. 
7B 

' R lso in the constitution of the present example, hillock 
an d whisKer are prevented from generating as a whole because 
an anodic oxide film is tor- » °* ^ 

the upper plane of the gate electrode 604. Moreover, because 
a silicon nitride film is tor-a on the upper plane of the 
gate electrode, the formation of contact holes is facilitated. 

i?.y AMPLE 5 

Th e relation between the concentration of impurities in an 
aluminum fil* containing ..!.% by weight of scandium and the 
generation of hillocK is shown in this example. * 3,000-A- 
thi cx alu^num fU - was formed by sputtering, and was sub 

+ =n- isn°c for a duration of l nour 
jected to heat treatment at 350 C for 

und er gaseous hydrogen atmosphere. Ta.ie l shows the reiat.on 
be tween the observed height of the hiiloc* and the concentra- 
tion of impurities in the thus obtained f xlm. 
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Table 1 



NO- 



impurity concentration Sample in film Nos. ( atoms- cm-3) 

(max. value) 



1 
2 



Oxygen 

2 xl020 
7 xlOis 



Carbon Nitrogen 



4 
5 



6 
7 



9 X1019 
4 xlOis 



7 xlOis 2 xlOis 



1 xlOis 



8 xlOia 



7 xlOia 



7 xlOis 



8 xlO" 



4 xlOis 



4 xlOis 



5 xlOis 



1 X1019 
7 xlOia 



5 xlOia 



2 xlOis 
6 X1017 



7 X1017 
7 X1017 



Maximum height of Hillock 
( A ) 
1552 
1627 



2472 



837 
322 



481 
373 



Referring to Table 1, the concentration of impurities 
differs from a sample to another. The difference arises due 
to factors such as the varied duration of evacuation durxng 
sputtering, whether or not cleaning of chamber of the sput- 
tering apparatus was performed, and how maintenance was car- 
ried out on the evacuation pump. 
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Tie height of the hillock was determined by observation 
under cross section SEM (scanning electron microscope, and m 
(atomic force microscope,. The concentration of impur.ty 
elements is given by the maximum value measured by using sms 
(secondary ion mass spectroscopy). 

It is apparent from Table 1 that the generation of hillock 
can be suppressed by decreasing the concentration of oxygen 
,0), carbon CO, and nitrogen (■) contained in the film. 

By taking into consideration the film thickness of the 
interlayer insulating film -d the like, hillock not greater 
than 500 A in height are allowable in view of practical use. 
conclusively, Table 1 reads that the allowable concentration 
of the impurities is 7 x!0» atoms-cm- or lower for oxygen, 
, 10 « atoms-cm-3 or lower for carbon, and 7 atoms-cm-3 or 

lower for nitrogen- 

care should be taken in using SIMS for the measurement of 

„^ ^ fal<; p value is sometimes 
the impurity concentration, because a false value 

measured in the vicinity of the interface of the frlm. 

^DT.MWTO " no THF. APPARATUS 
The apparatus for use in an embodiment of the present 
invention is described below. . schematically shows the 

apparatus. Referring to Fig. 8, the apparatus is of a mult,- 
chamber type in which a plurality of processes are performed 
continuously without exposing the sample to the atmosphere. 
E ach of the chambers is equipped with the necessary evacuatron 
system, and maintains the airtight environment. 



Referring to Fig. 8, the apparatus comprises a substrate 
feeding chamber 804 and a substrate discharging chamber 805. 
A plurality o£ substrates (samples, set in a cassette 815 are 
wholly fed into the substrate feeding chamber 804 from the 
outside. The substrates subjected to the process are set 
again in a cassette 816, and once process for a predetermined 
number of substrates are finished, the cassette 816 with such 
substrates is wholly drawn again from the chamber. 

A substrate transportation chamber 801 transports ^ sub- 
strate 800 to a desired chamber by using a robot arm 814. 

A chamber 803 is provided to form aluminum films by means 
of sputtering. The chamber 803 is equipped with a cryo pump 
to control the concentration of impurities in the aluminum 
film to a predetermined level or lower. 

A sputtering apparatus 802 is used to form a germanium (or 
silver, film to realize favorable electric contact in forming 
contacts. The chamber 802 is also equipped with a cryo pump 
to prevent the incorporation of impurities as much as pos- 
sible. 

A chamber 807 is provided to perform heat treatment. In 
this chamber, heating is effected by irradiating a light 

emitted from a lamp. 

A chamber 806 is further provided to form a silicon 

nitride film by using plasma CVD. 

aa te valves, which are gate-type sections or partitions 
810, 809, 808, 813, 8!2, and 811, are provided between the 



substrate transportation chamber 801 and each of -the 
peripheral chambers for performing various types of processes. 

„ example of operating the apparatus with reference to 
Pig 8 is described below. The present operation comprises 
sequential processes of forming an aluminum film by film 
deposition, forming a germanium film, heat treatment, and 
forming a silicon nitride film. 

In the processes, the gate valves are all closed except 
for the one through which the sample is passed. Fi*st, a 
plurality of substrates (samples, for forming thereon an 
aiuminum film are set inside a cassette .13. and are transport- 
ed into the substrate feeding chamber 804. A substrate is 
then transported into the chamber 803 by using the robot arm 



814. 



open completion of the formation of the aluminum frlm 
inside the chamber 803. the substrate is transferred to the 
chamber 806 to form thereon a silicon nitride film. Then, the 
substrate is placed inside the cassette 816 of the substrate 
discharging chamber 805 to compete the entire process. _ 

In case of forming an aluminum film for use as the contact 
after the formation of contact holes, a germanium film rs 
formed inside the chamber 802 after forming the aluminum film 
iB the chamber 803, and thereafter heat treatment is carried 
out in the heating chamber 807 to perform reflow treatment, 
i.e., the annealing for forming the contact. 



□ 



aeflow treat-ant provide a favorable electric contact 
Between aluminum and the electrode to be brought into contact 
therewith (i.e., the electrode exposed at the bottom portion 
of the contact hole), because the melting point drops at the 
contact portion between aluminum and germanium, and germanium 
thereby diffuses into the aluminum film by the heat treatment. 

TTX AMPLE 6 

The present example relates to a case of employing, in the 
place of anodic oxidation, plasma oxidation for the formation 
o£ a metallic oxide film on the surface of aluminum. Plasma 
oxidation can be performed by effecting high frequency dis- 
charge under a reduced-pressure oxidizing atmosphere. 

FX AMPLE 7, 

The present invention disposed in the present specifi- 
cation is applicable to an active matrix electro-optical 
device. Electro-optical devices include, for instance, a 
liquid crystal display device, an EL (electro-luminescent, 
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display device, and an EC (electro-chromic) display device^ 

Application examples of the commercially available 
products include TV cameras, personal computers, car naviga- 
tion systems, TV projection systems, video cameras, etc. Those 
products are briefly described below with reference to Figs 9A 



to 9E. 



I jjj 

5 2104 



Fig. 9A shows a TV camera comprising a main body 2001. a 
camera 2002, a display device 2003, and operation switches 
2004. The display device 2003 is also used as a view finder. 

Fig. 9B shows a personal computer comprising a main body 
2101 a cover 2102, a Keyboard 2103, and a display device 
210*. The display device 2104 is used as a monitor, and a 
diagonal of ten and several inches in size is required. 

Referring to Fig. 9C. a car navigation system comprises a 
main body 2301, a dispiay device 2302, operation switches 
2303, and an antenna 2304. The display device 2302 is used as 
a monitor, but the main usage thereof is to display a map. 
Thus, the allowance in resolution is relatively large. 

Referring to Fig. »0. a TV projection system composes a 
main body 2401, a light source 2402, a display device 2403, 
mirrors 2404 and 2405, and a screen 2406. Because the image 
displayed in the display device 2403 is projected to the 
screen 2406, the display device 2403 must have high resolu- 



tion. 



Referring to Fig. », a video camera comprises a main body 
2501, a display device 2502. an eye piece 2503. operation 
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switches 2504, and a tape holder 2505. Since the realtime 
view of the photographed image can be seen through the eye 
piece 2503, a user may take pictures while viewing the image. 

A s described above, by using the present invention, not 
only the problem concerning the heat resistance of an aluminum 
wiring is overcome, but also the problematic formation of 

contacts is facilitated in case an anodic oxidation film is 

formed . 

Although aluminum is used for the gate electrode and the 
gate line in the foregoing embodiments, the present invention 
is applicable to anodic oxidizable metals such as tantalum in 

place of aluminum. 

While the invention has been described in detail, it 
should be understood that the present invention is not to be 
construed as being limited thereto, and that any modifications 
can be made without departing from the scope of claims. 
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